We calculate the ratios of B and D meson decay constants by applying the variational method to the relativistic hamiltonian of the heavy meson. We adopt the Gaussian and hydrogen-type trial wave functions, and use six different potentials of the potential model. We obtain reliable results for the ratios, which are 
The knowledge of the decay constant of the B meson f B is very important, since it affects the magnitude of B −B mixing and the size of CP violation significantly.
There have been intensive theoretical and experimental researches for improving its understanding. However, its theoretical calculation is difficult because it is in the realm of nonperturbative QCD and the motion of the light quark in B meson is relativistic. Understanding the decay constant better is also invaluable because its information can reveal the inside structure of the hadron.
Grinstein [1] observed that the double ratio of the decay constants (f Bs /f The potential model has been successful for ψ and Υ families with the nonrelativistic hamiltonian, since their heavy quarks can be treated nonrelativistically.
However, for D or B meson it has been difficult to apply the potential model because of the relativistic motion of the light quark in D or B meson. In our calculation we work with the purely relativistic hamiltonian, and adopt the variational method [6] . We take the Gaussian and hydrogen-type wave functions separately as trial wave functions [7] , and obtain the ground state energy and wave function by minimizing the expectation value of the relativistic hamiltonian. By using the wave function at origin ψ(0), we can obtain the value of the decay constant f P from the Van Royen-Weisskopf formula. Then we can obtain the ratios of the decay constants. The reason why we choose the Gaussian and hydrogen-type trial wave functions is that the former one is appropriate to the long range confining potential, and the latter one to the short range asymptotically free potential.
The heavy-light pseudoscalar meson is composed of one heavy quark with mass m Q and one light quark with m q , and its relativistic hamiltonian is given by
where r and p are the relative coordinate and its conjugate momentum. The hamiltonian in (1) represents the energy of the meson in the center of mass coordinate, since in that reference frame the momenta of both the heavy and light quarks have the same magnitude as that of the conjugate momentum of the relative coordinate.
We apply the variational method to the hamiltonian (1) with the Gaussian and hydrogen-type trial wave functions. The Gaussian wave function is given by
where µ is the variational parameter. The Fourier transform of ψ(r) gives the momentum space wave function χ(p), which is also Gaussian,
The ground state is given by minimizing the expectation value of H in (1),
and thenμ ≡ p F represents the inverse size of the meson, andĒ ≡ E(μ) its mass M P [6] . For the value of the light quark mass m q in (1), we use the current quark mass given by Dominguez and Rafael [8] : m d = 9.9 MeV and m s = 199 MeV.
We perform the same calculation as the above for the hydrogen-type wave function
where a 0 is the variational parameter which represents the size of the meson. The momentum space wave function conjugate to the ψ(r) in (5) is given by
For V (r) in (1), we consider the following six potentials of the potential model, which we also display in Fig. 1 . We note in Fig. 1 the tendency that the potential which has higher values of potential energy in the short range has lower values in the long range, and vice versa.
(A) Coulomb and linear potential of Eichten et al. [9] :
with α c = 0.52, K = 1/(2.34) 2 GeV 2 , m c = 1.84 GeV, m b = 5.18 GeV.
(B) Coulomb and linear potential of Hagiwara et al. [10] : (C) Power law potential of Martin [11] :
with m c = 1.8 GeV, m b = 5.174 GeV.
(D) Power law potential of Rosner et al. [12] :
with α = −0.12, m c = 1.56 GeV, m b = 4.96 GeV.
(E) Logarithmic potential of Quigg and Rosner [13] :
with m c = 1.5 GeV, m b = 4.906 GeV.
(F) Richardson potential [14] :
with n f = 3, Λ = 0.398 GeV, m c = 1.491 GeV, m b = 4.884 GeV.
The results of the variational calculations with the Gaussian wave function are organized in Table 1 , and those with the hydrogen-type wave function in Table 2 .
We see in Table 1 and 2 that the larger energy (Ē) state has the smaller size of meson (1/μ or a 0 ). In order to check whether the Gaussian wave function in (2) is a really good wave function, we enlarged the trial wave function by adding the second excited harmonic oscillator eigenfunction which is an even function, since the first excited one which is an odd function can not be included in the ground state wave function of the relativistic hamiltonian which commutes with the parity operator.
For this enlarged trial wave function we obtained the result that the Gaussian part contributes much dominantly, therefore it confirms that the Gaussian wave function is a very good trial wave function in the variational calculation of the relativistic hamiltonian in (1) with the harmonic type wave function. We also checked the wave function in (5) by adding the first excited hydrogen-type wave function, and confirmed that the wave function in (5) is also much dominant for the ground state wave function of (1).
The decay constant f P of the pseudoscalar meson P is defined by the matrix element 0|A µ |P (q) :
By considering the low energy limit of the heavy meson annihilation, we have the relation between f P and the ground state wave function at origin ψ P (0) from the Van Royen-Weisskopf formula with the color factor [3] :
where M P is the heavy meson mass. Using this formula, from (2) and (5) we have
for Gaussian wave function,
for hydrogen − type wave function. (16) Then the ratio of the decay constants of pseudoscalar mesons A and B is given by [6] 
for hydrogen − type wave function. (18) By using the values in Table 1 and 2 for M (Ē), p F (μ), and a 0 in (17) and (18), we obtain the ratios of the decay constants for the potential models (A)-(F), which we present in Table 3 and 4. We see in Table 5 , where we organized the results of Lattice calculations.
As 
where f Ds is the meson decay constant, M Ds is the D s mass, m l is the mass of the final-state lepton, G F is the Fermi coupling constant, and V cs is the CKM matrix element. The WA75 and CLEO collaborations took the data for the branching [20, 21] , and the Review of Particle Properties [22] presents
. By using this branching ratio, the life time of
MeV, G F = 1.1664 × 10 −5 GeV −2 , and |V cs | = 1.01 ± 0.18 [22] , we obtain the following value of f Ds from (19):
The uncertainty of the value of f Ds is due to those of the experimental values of
and |V cs |, therefore if their values are improved experimentally, we can obtain f Ds very accurately. When we combine the f Ds value in (20) and the ratios given by the average of those in Table 3 Table 2 : The values of the variational parameter a 0 which minimize H , and the corresponding values of the minimum energy for the hydrogen-type wave function.
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